Abstract
Introduction
Precocious puberty in girls is classically defined as the appearance of secondary sexual development prior to age 8 years. Etiologies include central precocious puberty (CPP), which results from early activation of the hypothalamic-pituitary-gonadal (HPG) axis, and variants such as premature adrenarche (PA), typified by early pubic and/or axillary hair and/or adult body odor. One of the most common concerns about precocious puberty in girls is the potential for adverse psychological consequences [1] . Literature to date has linked earlier-than-average puberty to higher rates of depression [2] [3] [4] [5] [6] , anxiety [2, 6, 7] , substance abuse [3, 8] , delinquency [9] , and criminality [8] than in girls with on-time development. However, whether and to what extent these findings can be extrapolated to girls with precocious puberty is unknown. Schoelwer Thus far, data on psychological aspects of precocious puberty in girls are inconsistent and limited. GnRH analogs (GnRHa) are the gold-standard treatment of CPP and are highly effective in suppressing the HPG axis [10] . While the primary medical reason for the treatment of CPP is to preserve adult height potential, a second frequently cited reason is to alleviate psychological distress associated with early pubertal development [11] . To what degree girls with CPP actually experience such distress and whether treatment with GnRHa alters the psychological trajectory in these patients is unknown. Although considered a variation of normal development, some studies have suggested an increased risk for psychopathology and behavioral problems in girls with PA [12] [13] [14] . How common these issues are in girls with PA and whether they change over time has likewise not been explored. While parental distress secondary to a child's early puberty has also been reported, whether mothers of all girls with forms of precocious puberty experience psychological difficulty has not been examined [15, 16] .
We previously reported normal baseline psychological functioning at the time of diagnosis in girls with CPP, PA, and early normal puberty (ENP), with no significant differences between groups. However, we found that mothers of girls with PA reported higher scores on measures of depression and stress than mothers of girls with ENP [17] . The aim of this follow-up study was to determine if psychological characteristics of girls with early puberty and their mothers change over time and with treatment in those with CPP.
Methods
Girls with CPP, PA, or ENP and their mothers were prospectively recruited from the Pediatric Endocrine Clinic at Riley Hospital for Children at Indiana University Health in Indianapolis, IN, USA. The study was approved by the Indiana University School of Medicine Institutional Review Board. Assent was obtained from all girls aged 7 years and older along with written informed consent from all mothers. Inclusion criteria for CPP consisted of pubertal onset prior to 8 years of age along with biochemical confirmation of HPG axis activation (random ultrasensitive LH >0.3 mIU/mL or GnRHa stimulation test with peak LH >4 mIU/mL). Inclusion criteria for PA included age between 5 and 8 years along with clinical, radiographic, and biochemical features consistent with this diagnosis. Inclusion criteria for ENP included age between 7.5 and 10 years as well as clinical and radiographic evidence of central puberty. Exclusion criteria for all groups included inability to speak English, prior treatment with GnRHa, and developmental delay or significant behavior problems precluding cooperation with an interview. All girls with CPP were treated with GnRHa. Psychological assessments of the girls and their mothers were performed at baseline and at 1-year follow-up and included measures of psychological function of the child, obtained from self-and mother report, and psychological function of the mother, obtained from self-report. Details of the methods used have previously been published [17] and will be briefly recapped here.
Girls completed the Children's Depression Inventory (CDI) and the Harter Pictorial Scale of Perceived Competence and Social Acceptance for Young Children, and their mothers completed the Child Behavior Checklist (CBCL). The CDI measures depressive symptoms in the previous 2 weeks on a three-point scale with higher scores indicating more depressive symptoms [18] . The Harter scale assesses 4 dimensions of a child's perceived self-competence: cognitive competence, physical competence, peer acceptance, and maternal acceptance [19] . It is scored using a four-point scale with higher scores indicating a higher level of perceived competence or acceptance. The CBCL measures behavioral and emotional problems in children on a three-point scale from which T-scores were calculated for Internalizing, Externalizing, and Total Behavior Problems [20] .
Mothers completed the NEO Five-Factor Inventory-3 (NEO-FFI-3), the Depression, Anxiety and Stress Scale (DASS), and the Positive and Negative Affect Schedule (PANAS). The NEO-FFI-3 measures 5 domains of personality (neuroticism, extraversion, openness, agreeableness, and conscientiousness) on a five-point Likert scale with high scores indicating a high degree of the personality trait [21] . The DASS measures depression, anxiety, and stress experienced over the past week using a four-point scale with high scores indicating a high level of the negative emotional state [22] . The PANAS measures emotions experienced in the previous week using a five-point scale with items corresponding to positive or negative affect scales [23] . All assessments were administered to the girls and their mothers by the same study coordinator (P.D.) at baseline and at 1 year, and required anywhere from 30 to 60 min.
Statistical Analysis
Differences in age and BMI z-score between the CPP, PA, and ENP groups at follow-up were examined using one-way analyses of variance (ANOVA) tests with planned contrasts. A series of 3 (group) × 2 (time) mixed ANOVAs was conducted to determine differences in scores on psychological functioning, with measures of psychological function included as the dependent variables. Analyses were performed using SPSS 24, and type I error was set at 0.05 for all tests.
Results
Of the 62 subjects initially enrolled, 36 (58%) completed 1-year follow-up assessments (15 with CPP, 8 with PA, and 13 with ENP). The majority of girls with CPP completed follow-up assessments (15/19, 79%), while fewer girls in the PA (8/22, 36%) and ENP (13/21, 62%) groups returned. Missing 1-year assessments were due to girls and their mothers being lost to follow-up. In each case, a minimum of 3 attempts were made by phone to encourage families to schedule their visits. Several families could not be located due to nonworking phone numbers or hav- ing moved out of the area. Several agreed to come to the clinic but repeatedly missed appointments. Girls who did not complete follow-up were not significantly different than those who did with regard to age, race, and BMI zscore. Baseline psychological testing was also not significantly different between those who returned for followup and those who did not for all measures except for perceived cognitive competence, which was higher in those who completed follow-up (p = 0.03). Mothers who returned for follow-up reported lower levels of anxiety (p = 0.01) and negative affect (p = 0.03) on initial assessments.
Patient characteristics at baseline and at 1-year followup are outlined in Table 1 . The girls had an average age of 8.8 years at the time of follow-up (range 6.6-11.5 years). Girls with ENP were significantly older than girls with CPP and PA (p < 0.001). BMI z-scores of the girls who completed follow-up were not significantly different. Five girls were postmenarchal at baseline. One additional girl in the ENP group reached menarche during follow-up, making for a total of 6 postmenarchal subjects.
The results of the psychological testing in the girls and their mothers at 1-year follow-up are shown in Table 2 . All scores on the CDI and CBCL were in the normal range, and no significant group differences were found for any measure of girls' psychological functioning. However, across all groups there was a significant decrease in perceived physical competence (p < 0.001, η p 2 = 0.461) on the Harter scale from baseline to 1 year, with the scores in all groups near -2 SDs (2.62) for published normative data (Fig. 1) . All girls also reported a significant increase in perceived maternal acceptance (p = 0.001, η p 2 = 0.275) on the Harter scale over time. While no significant group differences were observed in the mothers at 1 year, mothers across all groups reported increased negative affect at follow-up (p = 0.047, η p 2 = 0.115). Unlike in the initial population of mothers as a whole, the subset of mothers who completed 1-year follow-up did not demonstrate significant differences by group at baseline.
Discussion
Numerous studies have reported an association between early normal puberty and adverse psychological, behavioral, and social outcomes in girls [2] [3] [4] [5] [6] [7] [8] [9] . Sample characteristics of these studies have varied widely and have ranged from meta-analyses to large population- CPP, central precocious puberty; PA, premature adrenarche; ENP, early normal puberty. a Significant difference between the ENP group and CPP and PA groups (combined), p < 0.001. based studies of adult women to longitudinal follow-up of adolescent girls. Consistent findings have included a link between early menarche and higher rates of depression, social anxiety, substance abuse, lower academic achievement, and earlier initiation of sexual activity and risk-taking behavior. In contrast, studies examining psychological correlates of precocious puberty in girls have been hampered by small sample sizes and methodological issues, and conclusions have been conflicting [24, 25] . For example, some investigators have reported higher rates of depression, suicidal thoughts and behavior problems in girls with precocious puberty compared with controls [26] [27] [28] . In contrast, others have failed to find any differences in self-image, self-esteem, or behavior in children with precocious puberty when compared to population norms [29, 30] . Interestingly, one study even reported a PA excluded from ANOVA due to group size <5 (CPP, n = 9; PA, n = 2; ENP, n = 9).
b Square root transformation of data completed prior to analysis due to positive or negative skew in one or more groups.
c Group size: CPP, n = 14; n = PA 8; ENP, n = 13. d Significant main effect of time (F = 27.988, df = 1.32, p < 0.001), with a decrease in girls' perceived physical competence observed between baseline and follow-up across all groups. e Significant main effect of time (F = 12.153, df = 1.32, p = 0.001), with an increase in girls' perceived maternal acceptance observed between baseline and follow-up across all groups.
f Group size: n = CPP 15; PA, n = 6; ENP, n = 13. g Significant main effect of time (F = 4.271, df = 1.33, p = 0.047), with an increase in mothers' negative affect observed between baseline and follow-up across all groups.
h Logarithmic transformation of data completed prior to analysis due to strong positive skew in one or more groups. higher verbal IQ in a mixed group of girls with precocious puberty or PA compared with a control group with normally timed development [31] . Thus, this area has been identified as one that is sorely in need of additional research [32] and it is probably not a coincidence that literature reporting long-term outcomes of GnRHa therapy for CPP generally neglect psychological aspects of followup entirely [33] [34] [35] . Clearly, more information regarding this topic is essential. Our study is unique in the comparison of girls with CPP receiving GnRHa treatment to girls with PA and ENP. We are aware of only two other studies that examined the effect of GnRHa versus no treatment on psychological outcomes in children with early puberty. The first study evaluated 20 girls with CPP at diagnosis and after 2 years [15] . Fifteen girls were treated with GnRHa and 5 girls were not treated based on the decision of their physician and parents. In contrast with our results, girls with CPP had elevated scores of withdrawal, anxiety, and depression on the CBCL (defined as >1 SD above their reference data) at baseline, which persisted after 2 years of treatment. Treatment, however, was associated with reduction in embarrassment about pubertal development, fear of sexuality, and loneliness. Unfortunately, treated girls were not directly compared to untreated girls, so conclusions regarding the impact of GnRHa treatment are not possible. The second study evaluated psychological functioning in adopted children with early puberty, many of whom would not meet criteria for CPP, before and after treatment with GnRHa alone or in combination with growth hormone [36] . The children showed normal psychological functioning compared to Dutch norms of adopted and nonadopted children both at the start of treatment and after 3 years. Again, there was no untreated control group for comparison. It is clear that there is no consensus regarding psychological outcomes in either treated or untreated children with CPP and a randomized clinical trial exploring this further would not be feasible.
It is likely that many of the girls in our study who were classified as having ENP actually had either slowly progressive CPP or presented to an endocrinologist too late to obtain any height benefit from treatment, and so represent an untreated control to some extent. It is reassuring that the untreated girls with ENP did not have higher rates of psychological distress than the treated girls with CPP at least in the short term, even though more of them had achieved menarche both at diagnosis and during the follow-up period.
In our study, girls across all groups reported a decrease in perceived physical competence and an increase in perceived maternal acceptance on the Harter scale 1 year after diagnosis compared to baseline. The etiology of the decline in perceived physical competence is unclear. Perception of self-competence is influenced by environmental and developmental factors such as parenting behaviors, feedback from teachers, and the cognitive, social, and behavioral development of the child [37] . That this decline was observed in all 3 groups, including girls with CPP who were being treated, suggests that this phenomenon may not be related to pubertal status per se. Likewise, the reason for the increase in perceived maternal acceptance across all groups is unclear. The literature is conflicting as to whether scores on measures of self-concept change over time in children in the general population. It is well documented that younger children tend to be overly optimistic of their competence, and it appears that as cognitive skills improve with age, children are able to evaluate themselves with better accuracy [38] . Harter's original data for the Pictorial Scale of Perceived Competence and Social Acceptance for Young Children demonstrates stability in scores from preschool to second grade [19] . This finding was confirmed in one study, which noted stable self-perceptions in children from age 5 to 8 years using the Harter scale [39] . However, another study reported a decline in peer acceptance from preschool to second grade along with an increase in physical competence from preschool to kindergarten [38] . Given these conflicting reports, it is impossible to say whether the changes observed in our girls would have occurred regardless, or whether they were in some way related to the fact that they were being followed for early puberty. An additional caveat regarding our findings is that the girls who completed follow-up were 8.8 years old on average, which is slightly older than the age range for which the Harter scale is designed (i.e., preschool to second grade).
Lack of differences in maternal psychological functioning at follow-up may reflect selective attrition and overall small sample size, as fewer mothers of girls with PA completed follow-up assessments and the ones who returned did not differ from mothers of girls with CPP and ENP on baseline testing. Mothers who completed follow-up also had lower levels of baseline reported anxiety than mothers who only completed initial assessments. It is not surprising that the majority of subjects for whom we were unable to obtain 1-year follow assessments were in the PA and ENP groups as these children were not offered treatment and reassurance was provided to their parents at the time of diagnosis. It is interesting that all mothers reported an increase in negative affect at the time of follow-up. The relationship between this change over time and their daughters' pubertal status is unclear. Whether this is unique to mothers of daughters or also occurs in fathers and in mothers with sons of the same age and/or pubertal status as our subjects is unknown. Regardless, this was an unexpected finding and merits additional investigation.
There are a number of limitations to our study. First, the power was low to detect small changes between groups, so it is possible that the psychological profiles of the girls differed at follow-up but were not statistically detected. Additionally, the size of our sample precluded our ability to determine whether individual scores were correlated to specific Tanner stages in our CPP cohort. Second, a significant number of girls and mothers were lost to followup, despite multiple attempts to obtain the 1-year assessments. This could potentially represent a reduced degree of anxiety or stress and a feeling that follow-up was unnecessary and thus skew the results. Nevertheless, there were no significant differences between those who participated in follow-up and those who did not. Third, we lacked a prepubertal comparison group, which would have been useful to determine if the decline in perceived physical competence was related to puberty rather than age. Finally, the necessity of using the same instruments at both times to examine change means that our subjects were slightly older on average than the age group for whom the Harter scale was initially designed and validated.
Conclusion
To our knowledge, our study is the first to compare the psychological characteristics of girls with treated CPP, PA, and ENP over time. We found no convincing evidence of psychological distress in girls with variations of early puberty either at baseline or after 1 year, although the universal decline in perceived physical competence warrants further investigation. Our results indicate that girls with CPP, PA, and ENP have similar psychological functioning despite treatment of girls with CPP and progression of pubertal development in girls with PA and ENP. Whether 1-year follow up is representative of later outcome in these children is unknown. Regardless, our results do not support concerns regarding deleterious psychological consequences of early puberty in girls, at least in the short term, and provide encouraging information for families and providers. Additional large-scale, long-term prospective studies are needed in order to further elucidate the psychological impact of precocious puberty on girls and their mothers.
